Nuclear Factor-Kappa B [NFkB] activation triggers the elevation of various pro-angiogenic factors that contribute to the development and progression of diabetic vasculopathies. It has been demonstrated that vascular endothelial growth factor [VEGF] activates NFkB signaling pathway. Under the ischemic microenvironments, hypoxia-inducible factor-1 upregulates the expression of several proangiogenic mediators, which play crucial roles in ocular pathologies. Whereas YC-1, a soluble guanylyl cyclase [sGC] agonist, inhibits HIF-1 and NFkB signaling pathways in various cell and animal models. Throughout this investigation, we examined the molecular link between VEGF and NFkB under a hypoxia-independent microenvironment in human retinal microvascular endothelial cells [hRMVECs]. Our data indicate that VEGF promoted retinal neovasculogenesis via NFkB activation, enhancement of its DNA-binding activity, and upregulating NFkB/p65, SDF-1, CXCR4, FAK, aVb3, a5b1, EPO, ET-1, and MMP-9 expression. Conversely, YC-1 impaired the activation of NFkB and its downstream signaling pathways, via attenuating IkB kinase phosphorylation, degradation and activation, and thus suppressing p65 phosphorylation, nuclear translocation, and inhibiting NFkB-DNA binding activity. We report for the first time that the nexus between VEGF and NFkB is implicated in coordinating a scheme that upregulates several proangiogenic molecules, which promotes retinal neovasculogenesis. Our data may suggest the potential use of YC-1 to attenuate the deleterious effects that are associated with hypoxia/ischemia-independent retinal vasculopathies. 
Introduction
Angiogenesis is the formation of new blood vessels and capillary beds from existing vessels, which plays a fundamental role in physiological and pathological processes. In physiological conditions, angiogenesis occurs primarily in embryonic development, during tissue and wound repair, and in response to ovulation. However, pathological angiogenesis, or the abnormal rapid proliferation of blood vessels, is implicated in various diseases, including cancer, psoriasis, diabetic retinopathy [DR] , and rheumatoid arthritis. Vascular endothelial growth factor [VEGF] is one of the most potent stimuli for new blood vessel growth, and therefore it has emerged as one of the most important growth factors controlling angiogenesis. Under pathological conditions, ischemia/hypoxia develops within the neovascular retina, which in turn increases VEGF levels in part through stabilization of VEGF mRNA [1] . This ischemic effect is mediated primarily by hypoxia inducible factor-1 , which is often considered as the master regulator of angiogenesis under ischemia/hypoxia. Retinal ischemia often precedes the onset of such NV, and the ischemic retina has been identified as a potential source of diffusible angiogenic factors. Retinal neovascularization [NV] is a major cause of the blindness that is associated with ischemic retinal disorders such as DR, retinopathy of prematurity [ROP] , and retinal vein occlusion. Despite the prevalence of DR and ROP, an effective treatment for retinal NV remains elusive. Retinal NV is induced by complex interactions among multiple cytokines and adhesion molecules. Several potential inhibitors of retinal NV, including soluble VEGF receptor and antagonists of both av-integrin and growth hormone have been identified with the use of a highly reproducible model of ischemia-induced retinal NV. Although VEGF is one of the central angiogenic factors induced in the neovascular retina, other growth factors may play crucial roles in the development and progression of retinal NV, many of which are hypoxia-independent. Various therapeutic modalities to inhibit VEGF have shown efficacy in the treatment of ischemia/hypoxia-driven retinal NV [2, 3, 4] . However, hoard evidence indicates that nonischemic microenvironment may also induce retinal NV [5, 6] . Furthermore, it has been demonstrated that in the streptozotocin [STZ]-induced type 1 diabetic rat model [7, 8] ; the retinas exhibit most of the pathological features of DR seen in humans, including blood vessel dilation, blood retinal barrier [BRB] breakdown, microaneurysm formation, and intraretinal microvascular abnormalities, which makes this model widely used in studies of the early stages of DR, especially in those examining vascular hyperpermeability in the retina. [9, 10, 11] . In addition, streptozotocin [STZ]-induced diabetes failed to cause any significant increase in either HIF-1a or hypoxia. Interestingly, however, there was even a tendency for hypoxia levels to be decreased [tissue more highly oxygenated] [12] .
Nuclear factor kappa-B [NFkB] is a heterodimeric complex of Rel family of proteins that is physically confined to the cytoplasm in unstimulated cells through the binding to inhibitor of kB [IkB] proteins [13] . It has been suggested that VEGF's activation of NFkB signaling pathway is largely dependent on the cellular context. Both activation [14, 15] and inhibition [16] of NFkB in response to VEGF have been reported. Furthermore, it has been indicated that expression of pro-angiogenic factors, such as; SDF-1, CXCR4, FAK, aVb3, a5b1, EPO, ET-1, and MMP-9 expression, are mediated by NFkB activation and may contribute to the pathogenesis of intraocular NV in individuals with DR or retinal vein occlusion. YC-1; 3-(59-Hydroxymethyl-29-furyl)-1-benzylindazole, has been identified as an sGC, and was shown to increase the intracellular cGMP concentration in platelets [17] . It was further demonstrated that YC-1 may activate the sGC/ cGMP/PKG pathway to induce Ras and PI3K/Akt activation, which in turn initiates IKKa/b and NF-kB activation [18] . In addition, it has been established that cyclic GMP regulates NFkB in T Lymphocytes, neuronal cells, cardiomyocytes, endothelial cells, and hepatocytes [19] . These observations suggest that NFkB may represent a suitable target for therapeutic intervention in retinal NV. With the animal model of oxygen-induced retinopathy [OIR] , it has been previously shown that nuclear factor KB [NFkB] activation may be important to induce retinal NV. In that model, exposure of neonatal animals to hyperoxic conditions results in extensive obliteration of retinal capillaries. When the animals are returned to room air, the inner retina presumably becomes relatively hypoxic, which results in the activation of NFkB, production of many cytokines, adhesion molecules, and retinal NV. Here, we investigate the molecular nexus between VEGF and NFkB in relation to retinal neovasculogenesis in the absence of the hypoxic microenvironment, and examine the effects of YC-1 on retinal neovasculogenesis in human retinal microvascular endothelial cells [hRMVECs] .
Materials and Methods

Ethics Statement
All experiments were conducted in compliance with the laws and the regulations of the Kingdom of Saudi Arabia. In addition, all protocols were approved by the Institutional Review Board. 
Chemoinvasion Assay
The invasiveness of hRMVECs was examined in vitro using a QCM TM 24-Transwell fluorimetric cell migration assay with polycarbonate filter inserts with 8.0-mm-sized pores. Briefly, the lower side of the filter was coated with gelatin [10 ml, 1 mg/ml], 6 SEM obtained from triplicate experiments [*P,0.05; **P,0.01; ***P,0.001]. C. YC-1 Inhibits hRMVECs Chemotaxis. VEGF 165 caused a significant increase in hRMVECs chemotaxis [***P,0.001] as compared to cells that were cultured in medium only. Treatment with YC-1 inhibits VEGF-induced cell migration. The inhibitory effects of SN50 as compared to SN50M exhibited the specificity of NFkB-mediated increase in chemotaxis induced by VEGF. The lack of VEGF presence in the control medium has significantly suppressed the hRMVECs migratory ability. Means 6 SEM obtained from 6 wells/treatment of 4 independent experiments [*P,0.05; **P,0.01; ***P,0.001 vs. DMSO VEGF was diluted to 30 ng/ml in 0.6 ml of M199/0.1% bovine serum albumin and added to the lower wells of the chamber. Other lower wells were left with medium only. The chambers were incubated for 24 hour at 37uC in an atmosphere of 95% air and 5% CO 2 . The migrated cells were fixed with cold 70% methanol for 15 minutes and stained with the CyQuant Cell Stain Solution [Chemicon, CA]. The dye mixture was transferred to a 96-well microtiter plate suitable for measurement. Cell migration was identified by fluorescence plate reader using 480/520 nm filter. DMSO, YC-1, SN50, SN50M, were added 30 minutes prior to the incubation. Tube-like structure formation was examined 24 hours after treatment. The enclosed networks of complete tubes from four randomly chosen fields/well at a magnification of X10 objective were photographed using inverted bright field microscopy [Zeiss Axiovert 135, Thornwood, NY]. Cells were labeled by adding 50 ml/well of Calcein AM [8 mg/ml]. Images were acquired using fluorescence microscopy [Zeiss Axiovert] and a digital camera [AxioCam, NY] . A mean of the total tube length at the four different fields was determined by AxiovisionH 3.1 software and measured according to the branching points between two ECs. The images were printed at a constant magnification, and the length of the tubes formed was measured using the Axiovision imaging software [Zeiss], followed by calculation of the total relative length of the tube-like structures formed as percentage to the control. The inhibition percentage was calculated using the following formula: IR = [1-(tubes YC-1/tubes control)]6100%.
In vitro Angiogenesis Assay
Measurements of hRMVECs Lumen Formation
The assay was conducted according to the manufacturer's instruction [Chemicon, Temecula, CA] with modifications. Matrigel [10 mg/ml] was added to a 48-well plate and allowed to polymerize for 1 h at 37uC. HRMVECs [6610 4 ] were suspended in 3D collagen gels and cultured in CS-C medium for 24 hours. The effects of exogenous addition of VEGF, DMSO, SN50M, SN50, and YC-1 on EC lumen formation over the time course of 24 hours were evaluated. Immunofluorescence still photography was performed using a fluorescence microscopy [Zeiss Axiovert] and a digital camera [AxioCam, NY] . After image acquisition, the values of immunofluorescence staining were analyzed and quantified using Metamorph TM imaging analysis software version 6.0 [Universal Imaging, Sunnyvale, CA]. EC Lumen areas per high power field were determined by tracing EC lumens using Metamorph software from acquired images.
Evaluation of NFkB/p65 Transcription Factor Activity [ELISA]
ELISA assay was done after culturing the cells for 18 hours at 37uC in CS-C medium, under one of the following conditions;
. DMSO, YC-1, SN50, SN50M, were added 30 minutes prior to the incubation. Activation of the transcription factor NFkB was measured using a DNA-binding assay [Trans-AM TM NFkB/p65 Transcription Factor Assay Kit, Active Motif, Carlsbad, CA] according to manufacturer's instructions. This is an ELISA-based method designed to specifically detect and quantify NFkB/p65 subunit activation, with high sensitivity and reproducibility. Nuclear protein extract was obtained using Nuclear Extract Kit [Active Motif] according to manufacturer's instruction. Subsequently, a specific double stranded DNA sequence containing the NFkB response element was immobilized onto the bottom of the wells of the plate. Fifty [50 mg] of nuclear proteins were prepared, added to the wells, and incubated overnight at 4uC. NFkB binding specifically to the NFkB response element was detected by addition of specific primary antibody directly against NFkB/p65. A secondary antibody conjugated to HRP was added and incubated for 1 h at room temperature to provide a sensitive colorimetric readout at 450 nm.
Subcellular Fractionation: Cytoplasmic and Nuclear Fractions
Adherent cells were scraped into ice-cold PBS harvested by centrifugation and washed once with ice-cold PBS. Cell-pellets were then lysed in hypotonic lysis buffer [5 mM HEPES, 1 mM MgCl2, 0.2 mM EDTA, 0.5 M NaCl, 25% glycerol, pH 7.0]. After incubation on ice for 10 minutes, lysates were centrifuged [13,000 g, for 5 minutes, at 4uC] to remove nuclei and cell debris. The cleared lysates were then removed to fresh tubes, frozen and stored at -20uC for subsequent estimation of protein concentration and use in Western blotting. The nuclei pellets were resuspended in hypertonic extraction buffer [10 mM HEPES, 1.5 mM MgCl2, 10 mM KCl, pH 7.9] for 1-2 hours at 4uC under agitation. After centrifugation [13,000 g for 10 minutes at 4uC], supernatants containing the nuclear protein were removed to fresh tubes and stored at -70uC. Protein concentrations were assessed by reaction with Bradford reagent [0.1% Coomassie blue G, 5% methanol, orthophosphoric acid]. 
Immunocytochemistry: Immunolocalization of NFkB/p65
The effect of YC-1 on the nuclear translocation of p65 was examined by immunocytochemistry. Briefly, hRMVECs [10 DMSO, YC-1, SN50, SN50M, were added 30 minutes prior to the incubation. The relative increase of NFkB/p65 translocation into the nucleus was measured using an ELISA according to the manufacturer's protocol [IMGENEX, San Diego, CA]. In brief, the cells were centrifuged at 400 g for 1 minute and washed with cold PBS. The cells were lyzed by 400 ml of hypotonic buffer and 30 ml of 10% NP-40 was added. The mixture was centrifuged at [*P,0.05; **P,0.01; ***P,0.001, as compared with controls. B. Inhibition of IkBa Phosphorylation and Accumulation of IkBa by YC-1. Cells were incubated in the absence or presence of 100 ml YC-1 for 8 hours. Cell extracts were then subjected to Western blotting using IkBa and p-IkBa antibodies. The blots exhibit the inhibitory influence of SN50 and YC-1 on the expression of the phosphorylated form of IkBa. C. The Effects of YC-1 on Intranuclear Expression of NFkB/p65. Cells were treated with one of the following conditions; DMSO, SN50M, SN50, or YC-1 in the presence or absence of VEGF for 8 hours. Nuclear extracts were prepared and assayed for NFkB/p65 by Western-blot as described in materials and methods. Both SN50 and YC-1 specifically inhibited the intranuclear expression of NFkB/p65 in cell preparations. doi:10.1371/journal.pone.0059021.g004 Figure 5 . YC-1 Impairs VEGF-Induced Nuclear Translocation of NFkB. A-F. Immunofluorescence Analysis. hRMVECs were incubated for 8 hours under various conditions and were subsequently fixed for immunocytochemistry. The staining intensity and the subcellular localization of NFkB/p65 were determined by immunofluorescence microscopy using anti-NFkB/p65 antibody. Photomicrographs, which exhibit intense nuclear and/or cytoplasm staining was considered a positive signal. Cells that were stimulated with VEGF alone (B), or incubated with either VEGF/SN50M (C) or VEGF/DMSO (D); exhibited high levels of NFkB/p65 immunoreactivity, which was preferentially localized in the nuclei of the cells. 18000 g for 30 s. The supernatant was used as cytoplasmic extract. To the pellet was added 220 ml of nuclear extraction buffer and centrifuged at 18000 g for 1 minute. The supernatant was used as nuclear extract. The anti-p65 antibody coated plate captured nuclear or cytoplasmic free p65 of samples [0.5-1 mg/ ml of protein] and the amount of bound p65 was detected by adding a secondary antibody followed by alkaline phosphataseconjugated secondary antibody. The absorbance value for each well was determined at 405 nm by a microplate reader [Bio-Rad]. The relative ratio of nuclear to cytoplasmic p65 was calculated from the absorbance value of nucleus divided by that of cytoplasm.
Quantitative RT-PCR by Molecular Beacon Assays
The mRNA levels for all genes [NFkB/p65, SDF-1, CXCR4, FAK, aV, a5, b3, b1, EPO, ET-1, and MMP-9] were quantified by Real time RT-PCR using specific primers. Gene-specific molecular beacons and primers were designed to encompass the genes of interest, with beacon's annealing site to overlap with the exon- 
Statistical Analysis
Data are given as means 6 S.E.M. All experiments were repeated at least three times independently. Statistical analysis between two groups was performed using Student's t-test. Oneway ANOVA, combined with Tukey's multiple-comparison test, was used to evaluate the statistical significance of differences between three or more groups. Statistical significance was defined as *P,0.05; **P,0.01; ***P,0.001.
Results
YC-1 Specifically Inhibits VEGF-stimulated Proliferation of hRMVECs
To determine whether YC-1 [ Fig. 1A ] could suppress VEGFinduced cell proliferation, hRMVECs were stimulated with VEGF [30 ng/ml] for 48 hours and DNA content was evaluated. VEGF 165 induced a significant increase in hRMVECs proliferation, by 70.8% 60.1% [***P,0.001], as compared to cells that were cultured in the absence of VEGF [medium only] [Fig. 1B] . However, the proliferation rate was reduced to 80% 60.02 
YC-1 Inhibits hRMVECs Chemotaxis
Anti-angiogenic Effects of YC-1 on VEGF-induced Tube Formation
HRMVECs cultured on the surface of three-dimensional type I collagen gel have a cobblestone-like appearance when cultured in the absence of VEGF [ Fig. 2A] . Stimulation of hRMVECs with VEGF 165 [30 ng/ml] induced the formation of three-dimensional capillary-like tubular structures within 24 hours [Fig. 2B ]. Furthermore, VEGF stimulation increased the elongation of these structures, and augmented the numbers of their tube multicentric junctions. Treatment of hRMVECs with SN50M or DMSO didn't have any influence on the growth or the integrity of these tube-like structures [ Fig. 2C and 2D ]. The angiogenic ability of hRMVECs to spontaneously form branching and thick anastomosing capillaries in vitro was severely abrogated by either SN50 [20 uM 
YC-1 Inhibits VEGF-induced NFkB Activation
In order to determine that VEGF effects on hRMVECs were mediated via the increase in the level of NFkB binding activity, we measured the NFkB/p65 activity by ELISA in hRMVECs, as compared to cells cultured in medium only [ 
Inhibition of IkBa Phosphorylation and the Accumulation of IkBa in YC-1-treated Cells
In order to determine; 1) whether VEGF influence on hRMVECs was mediated via NFkB pathway; and 2) whether the inhibition of NFkB activation by YC-1 was due to decreased degradation of IkBa, we examined IkBa degradation in response to VEGF stimulation. Because the degradation of IkBa normally requires the inhibitor to be phosphorylated, it was of interest to examine the extent of IkBa phosphorylation in SN50-and YC-1-treated cells, as compared to their respective controls; SN50M-and DMSO-treated cells. Western blotting for IkBa was done as an index of total inhibitor expression levels. Our data demonstrate that VEGF treatment promoted NFkB/p65 activation via upregulating the phosphorylation status of IkBa, which peaked at 8 hours following exposure to VEGF 165 ; in addition, it increased its intrinsic hydrolysis activity [ Fig. 4B ]. Furthermore, our data reveal that blockade of IkBa phosphorylation with the specific NFkB inhibitor, SN50 [ 
YC-1 Impairs VEGF-induced Nuclear Translocation of NFkB/p65 Subunit
The effects of YC-1 on NFkB signaling were further explored by examining the nuclear translocation of the NFkB/p65 subunit in controls versus treated hRMVECs preparations. Our Western blot studies have indicated that SN50-and YC-1-treatments inhibited the nuclear translocation of NFkB/p65 protein, as compared to their respective controls; SN50M-and DMSO-treated cells [ Fig. 4C] .
In a different set of studies, our immunocytochemistry data have revealed that cells that were cultured in medium only exhibited the lack of p65 cytoplasmic and/or nuclear staining [ Fig. 5A ]. Whereas the cells that were stimulated with VEGF exhibited a significant increase [***P,0.001] in the signal intensity levels of dissociated nuclear p65, which was increased by 83.5 folds following VEGF treatment [ Fig. 5B] , as compared to cells that were cultured in medium only, which indicate that VEGF activates the canonical NFkB pathway. Cells that were stimulated with VEGF only, and/or treated with SN50M or DMSO; exhibited high levels of NFkB/p65 immunoreactivity, which was preferentially localized in the nuclei of the cells. In addition, there was a positive strong staining signal of NFkB/p65 deposited over the cytoplasms of the cells of these groups [ Fig. 5B and 5C ]. No NFkB/p65 staining was observed in experiments in which the primary antibody was omitted [data not shown]. Treatment of cells with SN50 or YC-1 had significantly abolished the VEGFinduced nuclear shuttling mechanism of p65 subunit, and ultimately blocked 88% and 82% of the VEGF-induced increase in NFkB/p65 levels, respectively, as compared their respective controls; SN50M-treated cells or DMSO-treated cells, respectively [ Fig. 5C and 5D versus Fig. 5E and 5F]. Hence in the SN50 or YC-1-treated groups; the nuclear expression was virtually eliminated, yet few cells displayed the presence of cytoplasmic localization but then with equivocal ''moderate or weak'' staining intensity, in addition, a few stained regions were still detected in the nuclei. We demonstrate that VEGF-induced nuclear translocation of NFkB/p65 was severely abrogated in the presence of YC-1. This is in parallel with our Western blot data, which indicated a significant downregulation in the nuclear p65 levels in the SN50-and YC-1-treated groups. Taken together, these data indicate that YC-1 impairs VEGF-induced NFkB/p65 nuclear translocation.
In Fig. 6A ], while the second assay was utilized to further quantify the nuclear/cytoplasmic ratio of p65 [ Fig. 6B ]. To conduct both assay, nuclear protein extracts were prepared from hRMVECs after exposure to VEGF 165 [30 ng/ml]. Our results indicated that VEGF induced a significant [***P,0.001] increase 94.6% 60.04 in NFkB/p65 nuclear translocation, as compared to cells cultured in medium only. Furthermore, treatment of cells with SN50 or YC-1 significantly [***P,0.001] reduced the nuclear NFkB/p65 translocation by 83.5% 60.2 and 77% 60.03, as compared to their respective controls; SN50M-and DMSO-treated cells, respectively.
Our second ELISA assay has indicated that treatment of cells with SN50 or YC-1 resulted in a significant [***P,0.001] reduction in the p65 nuclear/cytoplasmic ratio, as compared to their respective controls; SN50M-treated and DMSO-treated cells, respectively [ Fig. 6B ]. These data are indicative that YC-1 inhibited nuclear translocation of NFkB/p65 subunit followed suppression of NFkB/p65 activity.
YC-1 Downregulates the Pro-angiogenic Gene Expression Profile in VEGF-stimulated hRMVECs
We have utilized quantitative real time RT-PCR to elucidate the molecular mechanisms involved in the regulation of VEGFinduced NFkB-dependent retinal neovasculogenesis. The mRNA expression levels of; NFkB/p65, SDF-1, CXCR4, FAK, aV, a5, b3, b1, EPO, ET-1, and MMP-9 were evaluated. The data were normalized to b-actin mRNA expression level. Our results demonstrate that there were significant upregulations in the message levels of the above mentioned pro-angiogenic genes in the VEGF-stimulated cells, as compared to cells that were cultured in medium only [ Fig. 7A-F] and [Fig. 8A-E] . Treatment of hRMVECs preparations with YC-1 [100 ml] significantly downregulated the mRNA expression levels of the above mentioned genes, as compared with DMSO-treated cells. However, their expression level remained slightly higher than that of the cells that were cultured in medium only. The effects of sham treatment [DMSO] on the gene expression patterns paralleled those seen in the VEGF-stimulated cells. The mRNA expression levels of; NFkB/p65, SDF-1, CXCR4, FAK, aV, a5, b3, b1, EPO, ET-1, and MMP-9 were evaluated by using the primers that were summarized in [Fig. 9A ].
YC-1 inhibits the pro-angiogenic proteins expression in VEGF-stimulated hRMVECs. Western blot analysis demonstrated that cell exposure to VEGF induced a significant [***P,0.001] upregulation in the expression levels of SDF-1, CXCR4, FAK, aVb3, a5b1, EPO, ET-1, and MMP-9, as compared to cells that were incubated in medium only [ Fig. 9B ]. Treatment with YC-1 [100 mM] significantly inhibited the expression of levels [***P,0.001] of these proteins as compared to DMSO-treated cells [ Fig. 9B ]. Since YC-1 treatment did not inhibit b-actin, this indicates that YC-1 influence on the expression of the above proteins was specific.
Discussion
Hypoxia-induced expression of VEGF is a crucial mechanism that triggers an angiogenic response under physiological and pathological conditions. VEGF has been proposed to play an important role in the pathogenesis of diabetic vascular complications. Therefore, with the progress of DR; retinal ischemia and subsequent hypoxia may become a major determinant of VEGF. It has been suggested that there is a significant elevation of VEGF levels in ocular fluids obtained from patients with DR [20] . Conversely, neutralizing anti-VEGF antibodies in experimental animals have been implicated in the inhibition of VEGF signaling, the suppression of retinal NV [21] , and the reversal of high glucose-induced vascular hyperpermeability [22] . Our current study demonstrates that VEGF treatment in hRMVECs promotes NFkB activation via; 1) upregulating the phosphorylation status of IkBa and increasing its intrinsic hydrolysis activity; 2) promoting the nuclear accumulation of p65; and 3) increasing the NFkB activity. Whereas YC-1 treatment induced the downregulation of the NFkB activation by preventing IkBa degradation, and hence inhibiting the nuclear translocation of NFkB/p65 subunit.
Previous studies have indicated that NFkB can regulate VEGF transcription [23] . Analyses of the VEGF promoter have not identified consensus and functional kB sites [24] , and therefore, NFkB may regulate VEGF indirectly through other transcription factors. Our data suggest a pivotal role of NFkB activation in the development of diabetic microvascular angiopathy under a hypoxia-independent mechanism. The current study reveals that treatment of hRMVECs with VEGF enhances NFkB binding activity and invokes the expression of several pro-angiogenic factors [SDF-1, CXCR4, FAK, aVb3, a5b1, EPO, ET-1, and MMP-9] via NFkB-dependent mechanism. This upregulation was attenuated by the NFkB inhibitor SN50 and by YC-1 suggesting a common effecter target for the peptide SN50 and the sGC activator, YC-1. Our observations exhibits that YC-1 exerted an inhibitory effect on several essential steps of retinal neovasculogenesis, including cell invasion and migration, through NFkB signaling pathway. These observations are in parallel with previous studies, which indicated that YC-1 abolished constitutive nuclear translocation and activation of NF-kappaB/p65 in PC-3 cells [25] .
Furthermore, it has been demonstrated that in STZ-induced diabetes, there was a significant increase in HIF-2a in the retinas of the diabetic rats, which was independent of hypoxia [12] . Our observations underscore the complexity and diversity of such neovascular angiogenic response, specifically in the absence of hypoxia.
During this investigation we report for the first time the molecular nexus between VEGF and NFkB in relation to retinal neovasculogenesis in the absence of the hypoxic microenvironment, and investigated the possible pathological role, which may play in instigating retinal NV. Furthermore, we have now analyzed the effects of YC-1 on VEGF-induced stimulation of NFkB, which mediated a significant upregulation in the expression of various pro-angiogenic molecules and augmented retinal neovasculogenesis in hRMVECs. The use of YC-1, with its pleiotropic effects [26, 27] may be necessary to offset such compensatory angiogenic responses and maximize therapeutic outcomes. Although our data may suggest the potential therapeutic use of YC-1 in ocular diseases, it is imperative that a suitable in vivo model is utilized to demonstrate the full potential of sGC agonists in retinal vasculopathy.
